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SUMMARY

Theaerodynamicstabilityderivativesandthepitchandyawcontrol
effectivenessoftwofull-scaleguided?mibsweredeterminedoverthe
Machnumberrangeofapproximately0.55to 1.0by free-flightdroptests.
Thelongitudinalandlateralaerodynszdcinformationwasdeterminedfrom
theresponsesto progrsmedpulsingsequencesofthepitchandyawcon-
trols,andtheadeqmcyof theflickerautomaticrollcontrolwasalso
checkedWalertheseconditions.

&
Theresultsofthepresentflightinvestigationsdealingwiththe

measurementofthestabilityderivativesagreeverywellwithunpublished.
wind-tunnelresults,andtheflight-testresponsescanbe recomputed
witha fairdegreeofaccuracythroughtheuseoftheaerodynamiccon-
stsntsobtainedfromtheflightdata. It is,therefore,reasonableto
assumethatitwouldbe validtousethestabilityderivativesforfurther
flightshulatorstudies.

Althoughseversloperationaldifficultieswereexperiencedinpre-
paringthebmbs forflighttest,theover-allperformanceofthebombs
duringtheflighttestswasconsideredtobe satisfactory.Inparticular,
theperformsmceoftheflickerautomaticrollcontrolwasconsideredto
beverygood,andit is shownthatthepitchandyawcontrolvanesare
effectiveinproducingliftandsideforcesoftheorderofonetimes -
theaccelerationduetogravity.

INTRODUCTION

TheLangleyPilotlessAircraftResearchDivisionwiththecoopera-—
tionoftheLangleyInstrumentResearchDivisionandtheLangleyF-Mght

&F.:3
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ResearchDivisionconductedtwosuccessfulfree-flightdroptestsofa
%

full-scaleguidedbomb. Thepurposeof thesetestswastodetermine
..-

flightperformanceinformationandtomeasuretheae~odynsmicderivatives +:ofthebotiforuseinflightsimulationstudies.

Sincethenatureof thesetestsdidnotnecessitatetheuse”of-the –
guidsncesystem,itwasomittedfromthebbnibstest&2atLangley.The
pitchandyawcontrolsweresimplypul.sed.inprogramedsequencesas step- -
functioninputsduringthefree-flightdroptests,fidfllghtdatain the
formofoutputtrsnsientresponseswereobtained.me methodspresented
inreference1 wereusedtoevaluatetheseflight-data.Eachbombcon-
taineda fUckerautomaticroll.stabilizationsystem.Thepresentf~i~t
testsservedto determinetheadequacyofthissystemanditsab~ityto
overcometheinducedrollcausedby simultaneouslyp~singthebombin
pitchandyaw.
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normalacceleration,g units

transverseacceleration,g units

longitudinalacceleration,g units

wingmeanaerodynamicchord(1.6Sfeet)

Machnumber —

dynanicpressure,lb/sqft;orpitchingangularvelocity,
deg/sec

yawingangularvelocity,.deg/sec

accelerationdueto gravity,ft/sec2

time,sec
—

velocityofbomb,fps
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totalwingareainoneplane(4.~ sqft)

weight —-.

—

mass

momentof ine.i=mitudinal bodyaxis
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momentof inertia

momentof inertia

about

about

angleofattack,deg

angleof sideslip,deg

thetransversebodyaxis

thenormalbodyaxis

roll-servotime-lagfactor,sec

rate-gyroscoperatefactor,deg/deg/sec

deg/sec

deg/sec

liftcoefficient,~
(@

Sideforceside-forcecoefficient,
@

CL basedontrtiliftforce

~ basedontrimsideforce

dragcoefficient,Totaldrag
@

pitching-momentcoefficient,

yawing-moment

Pitchingmoment
Q%

Yawingmomentcoefficient, _—
qsc

bcL
—, perdeg
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ANDATPARM’US

Description

..

.—

Photographsanda sketchof oneofthebombsusedinthepresent
testsareshowninfigure1. Thismissilecontainsa flickerautomatic

.-

rollstabilizationsystemanda pitch@ yawguidancesystem.The *

guidancesystem,however,wasnotincludedinthebombsreportedon
herein.Themissileconsistedofa noseazidtailsectionattachedto a
dummygeneral-purposebcanb.Thenosesect@nism@e..tohousetheguid-

.

antesystemandthepitchandyawcontrols,whereasthetailsection
containstherollstabilizationsystemandcruciformstabilizingfins
withtrailing-edgeailerons. —

RollAutopilot

AutomaticrollcontrolwasobtainedthroughtheuseofanAzonWO
unitwhichcombinedtheerrorsignalfromdisplacementplusratecryo-
scopesto actuatetheaileronsforcorrectivecontrolthroughtheuse
ofa flickerpneumaticservomotor.A flap-typetrailing-edgeaileron
wasattachedto eachofthefourstabilizingfinsas showninfigurel(b). -
Oneaileronwasdrivendirectlyby theservomotor,sndtheotherthree
wereslavedtothedrivenaileronthroughtheuseofa cableandpulley
arrangement.Thehalf-amplittieoftheflickerailerondeflectionwas
setat approximately8°foreachaileron.

-~r.-..---------.----
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*
OperationaK&thebonibiscontrolledinpitchandyawbymeansof

fourpneumaticallyoperatedvsneslocatedinthenose. Thesepitchand
yawcontrolvanesareuniquein shapeinthatfrcmthefronttiewthey
areapproximatelyqwrter-arcsofa lb.75-inch-diametercircle.These
vanesarenormallyretractedwithinthecontouroftheairframeand
theirlineofactuationisparallelto themissilelongitudinalaxis.
Detailsof a controlvaneareshowninfigurel(b),andfigurel(c)is
a photographof thebotinosewithtwocontrolvanesextended.Whena
coursecorrectioniscalledfor,thepropervaneisextendedforwarda
distanceof approximately3 inches.Thecenterlineof thisactuation
isinterdigitated45°withthemainstabilizingfins.Forthepresent
tests,theupperpitchvaneandtheleftadjacentyawvanewerepulsed
inprogramedsequences,as showninfigure2, andtheothertwovanes
werelockedintheretractedposition.I’tisnotedthatthepulsing
sequenceshownin figure2(b)forthesecondbombisapproximatelytwice
thefrequencyandin thereverseorderof thepulsingsequenceshownin
figure2(a)forthefirstbomb. Thiswasdoneto increasetheamount
ofdataobtainedovertheMachnuniberrangeandto obtaina widervariety
ofpulsinginformation.

Instrumentation
s

EachbombwasequippedwithanNACAten-channeltelemeterwhich
transmitteda continuousrecordofthenormal,longitudinal,andtrans-.
verseaccelerations;angleofattack;angleof sideslip;angleofroll;
total-headpressure;pitch-control-vaneposition;yaw-control-vaneposi-
tion;andailerondeflection.Mostofthetelemeter,instrmentsused
to obtainthisinformationandthebatterypowersupplyweremountedon
a hatchcutinthetopofthetib body,as showninfigure3.

Angleofattackandmgle of sideslipweremeasuredby a free-
floatingvaneextendedfromthenoseona sting.Thisinst-nt is
designedtomeasuretheusualstability-axis-systmangleofattackand
an@e of sideslip;thatis, a ismeasuredintheverticalbodyplane
of symmet~and p ina plsneinclinedfromthehorizontalbodyplane
of symmetwby thesngleofattacksndpezqendicularto thevertical
bodyplaneof synmetry.Totalpressurewasmeasuredby a total-pressu
tubeextendedbelowthesting.Thepositionsoftheangle-of-attackand
angle-of-sitis~pvaneandthetotal-pressuretubeareshowninfigurel(a).

Operationalbombsobtaintheirelectrical.pow-ers~~lyfromtb
windmill-propeller-drivengeneratorlocatedinthetailas shownin

● figure1. Thissourceofelectrical.power,however,wasnotusedfor

.
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theinstrumentationintheLangleyfree-flight
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.
droptests.Instead.“a

simulatedelectricalloadwasplacedacross–thege~~at-oroutput.&
thenecessaryelectricalpowerforthetestswasobtainedfrombatteries. ‘

Thebomb,trajectoriesweredeterminedthroughuseofa modified
SCR-584radartrackingunit. A radiosondereleasedatthetimeof
flightmeasuredtemperatures,atmosphericpressures,-andwastrackedto
obtainwindinformationthroughtheflight-testaltituderange.The
windinformationisgivenintableI.

PreflightMessurementsandChecks

Thevaluesdeterminedby preflightmeasurementsareasfollows:

Bomb1 Bomb2

Weight,lb. . . . . . . . . . . . . . . . , . . . . . u67 1.170
Momentsof inertia:
Ix,slug-ft2.. . . . . . . . . . . . . . . . . . . 16 16
lyJ Iz>s@+ft2 ● ● ● ● ● ● ● ● ● ● ● ● . . . . ● 107 106

Center-of-gravitYlocation,frombaseofnosesting,___
in. . . . . . . . . . . . . . . . . . . . . . . . . 37g 38 - *–

Ailerondeflection,half-smplitude,deg.... . . . .... 7.9 8.2 -
Rollrategyroscope.ratefactor,h,deg/deg/sec. . . 0.141 0.140
Averagethe lagbetweengyrosignalandaileron
actuation,~,sec. . . . . . . . . . . . . . . . . 0.054 0.045

Inadditiontotheforegoingp~eflightmeasurements,theinstru-
mentationandoperationalcomponentsofeachbombwerecoldcheckedat
a temperatureof approximate~y.-.600F by usingthestratochaniberat the
LangleyInstrumentResearchDivision.A benchcheckofeachAzonroll-
control&ycounitwasalsomademainlyto checkthefree~oscope drift
underdynamicconditions.Thisdriftwasminimizedtowithin1°per
minuteby carefuladjustmentofthegtibalbearings.

FlightTest

Thefree-flightdroptestswereconductedwitha NorthAmerican
XT-82,TwinMustang,astheparentaircrsft.Thebombsweremounted ●

underthewingbetweenthe inga reles+secablearranghnt.
.—

“



NACARM L53=2 7

*

.

.

Thebombswerereleasedinanapproximatelylevel
followingconditionswereobservedattheinstant

attitude,and
ofrelease:

Bomb1

Altitude,ft . . . . . . . . . . . . . . . . . . ...36.000
Machnumber . . . . . . . . . . . . . . . . . . . . . 0.550
Trueairspeed,ft/sec
Free-airtemperature,

It isimpossible
quantityderivedfrom

. . . . . .000. . . . . . . 530OF. . . . . . . . . . . . . . . -64

Accuracy

to statepreciselythelimitsofaccuracy
free-flighttests.Theprobableaccuracy

the

Bomb2

36,000
0.525

530
-55

ofeach
ofthe

~arious-aerodynamicderivativesderivedfromthetestresultsdepends
onthenumberofmeasuredquantitiesinvolved,themethodemployedto
evaluatea particularderivative, andinthiscasetheextremevariation
oftheatmosphericconditionswouldbe an influencingfactorindeter-
miningaccuracy.Forthesereasons,valuesofforcederivativesare
consideredtobemoreaccuratethanstaticstabilityordsmpingderiva-
tives.It isslsobelievedthatthestabilityderivativesaremore
accuratelydeterminedinthelatterpartofeachflighttestwherethe
Machnumberanddensity=e generallyhigher.Althoughthedragvalues
presentedaredependentonmoremeasuredquantities,theyareconsidered
tobe ofaccuracycomparableto thatoftheforcederivatives,sincethe
determinationof CD isnotdependentona combinationofmathematical
andgraphicalprocedures.

~ general.,theabsolutevalueofanytelemeteredmeasuremntcan
possiblybe inerrorby 2 percentofthetotalcalibratedinstrument
range.H theaccumulationoferrorsis consideredina discussionof
trimliftor sideforce,theaccuracywildbe considerablybetterfor
controlpulsesat lowaltitudewherelargermeasuredqutities are
dealtwith.

RESULTSANDDISCUSSION

Performancehformation

Statistical.-Thetrajectoriesshowninfigure4 arethree-dhnensional.
plotsofeachbomb’sflightpathobtainedfromground-trackingradardata.
A horizontalprojectionofeachtra~ectoryis shownforspacereference
andthereferenceaxesareorientedtotheaircrsftflightpath,thatis,

the aircrsftlineofflight,isessentiallyconstantat 36,000feetand
9 is intheplanefomnedby altitudesndhorizontalrangesxes.
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“

VelocityandMachnumbertimehistoriesareshowninfigure5. A
peakof M = 0.99 wasobtainedat 42 secondsforthefirstbomb,ad a
peakof0.92wasobtainedat ~ secondsforthesecondbomb. Reference .

tofigure4 indicatesthatthesepeaksoccurredataltitudesofapproxi-
mately13,500and11,000feet.

Servooperation.-~publisheddatafrompreviousstratochsnibertests
ofpneumaticservos,suchasthosecontainedinthebombsusedinthe
presenttests,indicatedthattheservovalvesmightfreezeup when
subjectedto extremecoldconditions.Althoughthestratochsmbercold
checkofthefirstbombdidnotindicatea malfunctionintheservo
system,these servosdidfreezeup ataltitudeona previousattempt
to drop-testthisbomb. Evidenceto indicateexcessiveleakageinthe
penumaticsupplywasalsoobtainedatthistime.Malfunctionofthe
servosofthesecondbombwasobtainedin stratochambertests.ItWW,
therefore,foundnecessawto addheatersto allservosofbothbombs
to assuresatisfactoryoperationofthepneumaticcomponentsduringthe
presentflighttests.Theseheatersareverysimilartothoseusedfor
Langleytelemetercomponentssuchasaccelerometers,pressurepickups,
gyropickups,andsoforth,whicharesubjecttoviscosityeffectsor
sensitivitychangesdueto cold.Thetelemeteredflightdataindicated
thatservooperationwasentirelysatisfactoryduringthepresentflight
tests.It isbelievedthatthepreviousmalfunctionswerecausedby
moisturecondensingintheservovalvescausingthemtofreezeup after
theyhadcoldsoskedinthestratochamberorataltitude.

RollControloperatio~

.

.

Generalcomments.-Theover-alloperationoftheflicker-rollauto-
pilotwasconsideredtobe entirelysatisfactoryforbothbombs.Forthe
seconddroptesttheparentaircraftwasinaboutan ll”rightbankwhen
thedisplacement~o wasuncaged,whichresultedinthebombtrimming
at about11°or12°inrollfortheremainderof theflighttest. This
changeofrolltrimreferenceanghj howeversisnotconsideredto
affectseriouslytheotherflightdataobtained.

Timehistories.-Thetelemeterrecordofrollangleagainsttime
obtainedforthefirstbombindicatedlargebankangles(upto 70°)
immediatelyafterrelease.Thesedsmpedto approximatelyf2°at12 seconds,
andtheamplitudeoftherolloscillationskeptthiso-tierofmagnitude
fortheremainderoftheflight.Thefrequencyoftheseoscillations
increasedfroma~roximately1.5CPSat12 secondsto 4.5CPSat impact.
Thesecondbombbehavedsomewhatdifferentlyinthattheinitialro~
anglesobtainedsfterreleasewereonlyabout*10°fromthetrimvalue,
andthesedsmpedto about*l”inapproximately4 seconds.Thisoscilla-
tionsmplituderemainedfairlyconstantuntillaterintheflightwhen

.
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increasesup to &o wereobtainedduringa simultaneous~itchandyaw
pulsecondition.Thefreqpencyoftheserolloscillationsincreased. fromapproximately2.5cpsat 4 secondsto 5.2cpsat impact.Reference
to thepreflightmeasurementsgivenpreviouslyindicatesthatthesecond
bombhada somewhatlargeraflerondeflectionandshorteraveragethe
lagbetweensgrosignalandailerondeflection,whichaccountsforits
oscillatinginrollat generallysmallersnrplitudesendhigherfrequencies.
Actualportionsoftheroll-angleandsileron-deflectiontelemeterrecords
arereproducedinfigure6. It is of interestheretonotetheeffect
ofa simultaneouspitchandyawpulse.Theseoccurredatapproximately
57 secondsforthefirstbomb(fig.6(a))smdatapproximately45.5sec-
ondsforthesecondbomb(fig.6(b)).In reference2 itwasindicated
thatitmightbe difficultfora cruciformconfigurationwithflap-type
aileronsto achieveadequaterollcontrolwhensubjectedto rolling
momentsinducedby stiultaneouspitchingandyawing.This,however,
waB notfoundtobe thecaseforthebcinbsreportedonherein.Thedata
showninfigure6 hdicatesomedisturbanceforthiscasebutno real
adverseeffects.Eventheslighttrimchange(about2$0)obtainedfor

thesecondbombisnotconsideredserious.

AerodynamicCharacteristics

. Timehistories.-Typicaltimehistoriesofsingleof attack,normal
acceleration,angleof sideslip,andtransverseaccelerationobtained
fromtelemeteredflightdataa~ showninfigure7. Theseresults. indicatethattherewasconsiderableaerodynamicout-of-trimeffect
presentinthepitchplaneforthefirstbomb,and,ingeneral,the
transientoscillationsofthesecondbonibprovedtobe smoother,showing
alsosomeincreaseintrimliftandsideforce.As csnbe seenfrom
figure7(c),theyawoscillationsofthefirstbombwereparticularly
erratic.Inthefinalplotoffigure7(c),forinstance,itappears
thata secondaryoscillationis superimposedontheyawtransients.An
examinationoftherolldataforthesametimeintervalshownpreviously
infigure6(a)indicatesthatthesecondaryyawoscillationis closeto
therollfrequency.Thereis,therefore,a possibilitythattheyaw
motionisat leastpartiallyinfluencedby rollandpitchcoupling.
Althoughthedataarenotshown,evidenceto indicatethatcoupling
existedbetweentheyawandrollmotionswasobtainedatthesanetime.
Theout-of-trtieffectofthefirstbombisevidentduringthecondition
“pitchandyawcontrolvanein”showninfigure7(a)wherethebonibdid
nottrimoutat zero Cl or an. Thisout-of-trimeffectisalsoevident
at thestartof thecondition“pitch control vane out”in theSSUE figure
sincethebombwastrimmedoutat about ~ = 0.64g and a = 4.6° at
thispoint.Sincetheout-of-trimaccelerationsin somecaseswereu
about60percentofthepitchcontroleffectivenesssndthetransient

.
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oscillationswerenotas smoothforthefirstbomb,specialeffortswere
madeinpreparingthesecondbombforflighttestto assurethatthe
noseandtailsectionswerealinedwithandrigidlyattachedtothemain
bombbody,andthefinalinementwiththebodyaxesw&salsochecked.

In connectionwiththerigiditybetweenthemainbombbodyandthe
nosesection,it isnotedherethatanexaminatimofthefirstlm?rib
afterithadbeentakentoaltitudeonanearlierdrop-testattempt
revealedthatthenose-castingmountingboltswereveryloose.It iS
probablethatvibrationoftheparentaircraftcausedthis.Although
it canonlybe surmisedatthistime,thereisa possibilitythatthese
boltsmayhaveloosenedagainduringtheclimbto 36,000feetpriorto-
theactualdropcausingsomelossincontroleffectivenessandcould
havebeenpartiallyresponsiblefortheerratictransientoscillations
obtainedduringtheflighttest.

Theflighttitsobtainedforthesecond.bcmibMd notindicate.-
appreciablepitchout-of-trimvalues;however,in onecasetheout-of-
trimerrorinyawappearedtobe about3.8°in sidesl~pangleand0.3g
intransverseacceleration.Theresultsofballisticcalibrationtests

—

on similarroll-stabilized.bmbs showedrangesgreaterthanvacuummol. ___
forsomecases,indicatingliftforceswerepresentalthough,forthese

..-—

tests,thepitchandyawcontrolvaneswereentirelyomittedfromthe
bombs. —=

Theeffectivenessofthepitchandyawcontrolvs.nesinproducing
liftandsideforcescanbe seeninfigure7. Thedatashowncanbe
summarizedasfollows:

kFigure7(a)

7(d)

I 7(c)
7(b)

Bomb Pulsecondition

1

1 Pitchcontrolvaneout

2 Yawcontrolvsneout

1 Pitchad yawcontrolvaneout
(~7to60.2see)

2 Pitchandyawcontrolvaneout

ApproximateApproximate
changein changein
trti~, trim~,

~ g

1 t ---

--- 1.4

--- .6

As isindicatedhereandparticularlyinfigure7(d),moreeffectiveness
isobtainedwhena controlvaneisextendedhy itsefi.Itisbelieved

.

thattheaccelerationsshownwouldbefairlyeffectiveinexecuting
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.
normalcoursecorrectionswhichmightbe dictatedby a guidancesysk

duringa guideddrop. Thedataobtainedfromthepresentflighttests
.V showthatthecontrolvanesareeffectiveinexecutingturnsofthe

orderof1 g. .

Trimcurves.-Valuesoftrimliftandside-forcecoefficient,
whichwereobtainedfromsteady-stateliftandside-forcedata,are
plottedasfunctionsofMachnumberinfigure8. ‘IT-Eadverseout-of-
trimeffectobtainedinpitchforthefirstbonibis shownbytherapid

‘ise‘n C%rim aboveM = 0“9 ti‘i- 8(a)“ m ‘eneral’‘k c-e
inthe %rti ‘d cytr~ levelsobtainedforthesecondbombwith
oneorbothcontrolvsnesextendeda~earstobe somewhathigherthanthe
changeobtainedforthefirstbonib;therefore,an increaseincontrol
effectivenesswasindicated.

Thedifferenceintheadverseout-of-trimeffect,theappearance
ofthetrasientoscillations,andthecontroleffectivenessobtained
betweenthetwobombsflighttestedinthisinvestigationseemsto
indicatethatthealinementandrigidityofthenoseandtailsections
ofthistypeofmissilearecritical.

Aerodynamicderivatives.-Theresultsof anevaluationof the
telemeteredflightdataobtainedfromthepresentfree-flightdroptests

* expressedintermsofthelongitudinalad laterslaerodynamicderiva-
tivesplottedas functionsofMachnumberarepresentedin figures9
to 14,andthevariationof thepitchandyawaerodynamic-centerposi-
tionswithrespectto thecenterofgratity,plottedasa functionof
Machnumber,isshowninfigure15. Exceptforthedampingderivatives
forwhichonlymeagerwind-tunneldatawereavailable,a comparisonis
madebetweencurvesobtainedfroman evaluationofunpublishedwind-
tunneldataandtheflightdataobtainedfromthepresenttests.Ih
general,theagreementbetweentheresultsobtainedfromanevaluation
ofthewind-tunneldatamd thepresentflight-testdataappearstobe
verygood.

Theflight-test-dataevaluationpresentedInthissectionisof
necessitybasedona lineartwo-degree-of-freedomanalysis.Sincein
somecasesthetransientsfromwhichthederivativeswereevaluated
appearedtobe influencedby rollcoupling,somediscretionwasnecessary
inem@oyingthetwo-degree-of-freedomevaluation.Inthecaseswhere
flight-testresponseswereparticularlyerratic,forinstance,itwas
notpossibletodeterminethedsmpingderivativeadequatelysad,since
thestatic-stabilityderivativeispredominatelya functionofthe
oscillatingfrequency,itwasoccasionallydtificultto evaluatebecause
theoscillationappearedto consistofmorethanoneharmonicmode.

b
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Althoughthegeneralagreementbetweenthewind-tunnel,bomb1,
.

andbomb2 dataisconsideredgood,somediscrepanciescanbe noted.
Thederivative~ forbomblwtthpitchcontrolv~out(fig. ~(b)), ~-
forinstance,isgenerallyata higherlevelthan ~Q forbcmb2 with
yawcontrolvaneout(fig.12(b)).It isprobabletl& thiscanbe
partiallyexplainedby geometricdifferencesbetweenthetwobombsand
datareductionor instrumentationinaccuracies.It is,however,more
probablethatthedifferenceinthiscasecanbe attributedtonon-
linearitiesofthepitching-andyawing-mmentcurves.Withregardto
figuren(d), itisalsoprobablethatthediscrepanciescanbeattributed
tononlinearpitching-momentcurves.

Drag.- Theprimarypurposeofthefree-flighttestsreportedon
hereinwastodetermdnethelongitudinalandlateralstabilityand
controlcharacteristics;however,thedragcharacteristicsofthesecond
bonibwerealso measuredandarepresentedherein.

Duringeachflighttesttheinclinationofthelongitudinalbody
axistotherelative-windvectorwasmeasuredby theangle-of-attack,
angle-of-sideslipvme andtheforcesactingalongthethreebodyaxes
weremeasuredby accelerometers.Thefollowingequation,whichnon-
dimensionalizesand’sumstheseforcesinthedirectionoftherelative
wind,wasusedto evaluatethedragcoefficient: —

“

~ .(-.z coscx cos f3+w sincx cosp+ s+ sinp)$

Thevariationoftotaldragcoefficientwith~ch numberobtainedfor
thesecondbombispresentedinfigure16. A definiteincreasein ~
withincreasingMachnumberisapparentfrcmthisfigure.An incnase
in ~ isalsoobtainedwhenoneorbothofthepitchendyawcontrol
vanesareextended,whichismainlyduetotheincreaseintrimangle
ofattackor sideslip.ForsomevaluesofMachnumbera pronounced
spreadinthedatais shown.Inthesecasessufficientdatawereavail-
abletoevaluatethedragcoefficientovertherelativelylargerangeof
oscillationamplitudesaboutthetrimvalueof a or p.

Comparisonofflight-testandcalculatedresponses.-Infigure17
a comparisonismadebetweensomeoftheactualangle-of-attackand
angle-of-sideslipresponsesobtainedfromtelemeteredflightdataand
thosecalculatedusingtheflight-testderivativesinthestandardtwo-
degree-of-freedomequationsofmotion.Theliftandmount forcing
functionsusedforthecalculationswerebasedontheinitialandsteady-
statevalues ofthefree-flighttransientresponsesandtheflightcondi-
tionsmeasuredduringthedroptestswerealsointroducedintotheequa-
tionsin orderto obtaina solution.Onlytwocasesareshownforthe

....... ..-
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.
secondbomb;however,manymorewerecs3culated,andingeneralthe
qualitativeagreement%etweentheflightdatasmdcalculatedresponses

v wasverygood. Theslightclifferencesobtained,whichcanbe attributed
mainlytononlinearityiesinthestabilityderivativeswhichnecessarily
areaveragedoutinan investigationofthistype,arenotconsidered
serious.Theuseofthestabilityderivativespresentedhereinfor
furtherflightsimulatorstudiesis,therefore,believedtobe justified.

Vibrationorbuffetdata.- Tbroughouttheentireflightofboth
bombshigh-frequencyoscillationsof vsryingintensityweresuperimposed
ontheaccelerometertelemeterrecords.Thecorrespondingflightcondi-
tionsandfrequencyandsmplitudeof severaloftheseoscillations
obtainedfromtheflightdataofthefirstbombarelistedintableII.
Sincetheamplitudesgiveninthistablehadtobebasedonlyonestimates
of,theattenuationcharacteristicsoftheaccelerometers,a specialhigh-
natural-frequencytransverseaccele?nxneterwasincludedintheinstrumen-
tationofthesecondbab. Theattenuationcharacteristicsofthis
accelerometerweremeasuredpriorto theflighttest,andtheoscillation
dataobtainedbasedontheseattenuationcharacteristicsarelistedin
tableIII. Actualportionsofthetelemeterrecordsarereproducedin
figure18to illustratethisvibrationinformationmoreclearly.It is.
notedthattheseoscillationsresemblewhatisnormalJycalledbuffeting.

- CONCLUSIONS

. Theconclusionsarrivedat as a resultofthefree-fli~tbomb-drop
testsreportedonhereinareasfollows:

1. ingeneral,theagreementbetweentheaerodynamicderivatives
obtainedfromthepresentflighttestsamlthoseobtainedfrcmanevalua-
tionoftheavailablewind-tunneldataisverygood. Ithasalsobeen
determinedthatthesolutionofthestandardtwo-degree-of-freedomeqya-
tionofmotionusingtheflight-testderivativestogetherwiththeother
necessaryconstantsbasedontheflightdatayieldcalculatedtransient
responseswhichresenibletheflight-testresponsesverycloselyexcept
forsomeinstanceswhenparticularlyerraticresponseswereobtained
forthefirstbomb. Theuseofthestabilityderivativespresented
hereinforfurtherflightshmlatorstudiesis,therefore,believedto
be justified.

2. @ecialeffofist*n to checkthe~im~nt andrigidityof
thenoseandtailsectionsinpreparingthesecondbombforflighttest
seemtohaveeliminatedmostoftheadverseaerodynamicout-of-trimm
effectobtainedwiththefirstbomb. Howeverevenwiththisadverse

x out-of-trimeffect,thedataobtainedtowardsthelatterpartofeach
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droptestshowedthatthesebombsarecapable

NACARML53E22

ofexecutingsteady-6tate
accelerationchangesoftheorderofonetimestheaccelerationdueto
gravity.

— .—

3. Althoughpreviouslypublishedinformationintimatedthata
cruciformconfigurationwithflap-typeaileronswouli.notachieve
adequateautomaticrollcontrolforthetypeofbcmibflighttestedfor
thisinvestigationdueto thelargerolMngmomentsinducedby simulta-
neouspitchingandyawing,theover-alloperationoftheflicker-roll
autopilotwasconsideredtobe entirelysatisfactory.Thesteady-state
roll.oscillationsobtainedforthesecondbomb,however,wereof smaller
.smplitudeandslightlyhigherfrequencydueto a somewhatlargeraileron
deflectionandshorteraveraget- lagbetween~o signalsndaileron
deflection.Althoughtheroll.autopilotwasconsideredeffectivein

—

maintainingsmallrollamplitudes,etidenceto indicatethatrollcoupling
wasaffectingthelongitudinalanddirectionalmotionswasobtainedin
somecases. — —

4. Itwasfoundnecessarytoaddheaterstoallservocomponents
becauseofmalfunctionsobtainedataltitudeandduri@ stratochamber
coldchecks.It isbelievedthatseriousmalfunctionsofthepneumatic
componentswouldhaveoccurredduringthefree-flighttestsIfthishad
notbeendoneduetothepossibilityofmoisturecondensationinthe
servovalves,whichwouldhavefrozenwhent’hebonibsweresubjectedto
theextremecoldconditionsassociatedwithdropsfrom36,000feet. .-

5.High-frequencyoscillationsofvaryingintensityweresuper- .—
imposedonaccelerometertelemeterrecords.It iscon~ludedthatthese .
oscillationsresemblewhatisnoma13ycalledbuffeting.

LangleyAeronauticalLaboratory,
NationalAdvisoqyCammitteeforAeronautics,

LangleyField,Vs.,June2, 1953.“
.. .
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.

EIMBLEI ‘-”

DATAONWINDVELOCITYANDDIRECTIONFORBCMBS1 AND2

Bomb1 Bomb2

Altitude, Wind Wind wind Wti
ft velocity, direction, velocity, direction,

ft/sec deg* ft/sec deg*

2,000 132 9 146
4,000 +; 131 17 239
6,000 117 20 231
8,000 :; 11~ 37 25k
10,000 94 109 28 244
12,000 144 =8 . E 265
14,000 194 114 U. 228
16,000 206 120 n 215
18,000 222 U6 193
20,000 218 llg z 186
22,Om 218 115 20 214
24,000 30 210
26,000 29. 194
28,000 36- 181
30,000 38 193
32,000 40 200
34,000 47 219
36,000 50 216

+f’Thisangleismeasuredclockvd.sewithrespecttothehori-
zontalrangeaxisofthetrajectory(seefig.4) andindicatesthe
directionfromwhichthewindoriginates. v

. .—

.

.

-—
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TABIXII

DATAONACCELEROMETERHIGH-l?RIQUENCYOSCILLATIONSFOREOMB1

Flight Mach C!ontrol-veneOscillation Estimatedtotal
time, nmnber position freq,,ncy,oscillationenrplitude,
sec Cps g

Normalacceleration

8.8 0.58 PitchandyaW out 100 0.29
E!eo .64 Pitch&yaw in .29
17.0 .72 Pitchandyawin llk .47
26.4 .% Pitchout 67 .14
36.0 .96 Pitchandyawout 67 .28
42.9 .g8 PitchandyaW in 72 .28
47.6 ● 97 Pitchandyawin 70 .28
50.7 .94 Pitchout E ●53
57.9 .83 Pitchsndyawout 67 .45
59*9 .80 Pitchandyawout 72 .62

Transverseacceleration

5.0 0.55 Pitchandyawout 100 0.50
12.3 .64 Pitchsmdyewin 113 .69
18.1 .74 Pitchout 133 1.18
27.2 .87 Pitchout 120 1.07
32.8 .93 Pitchandyawout 70 .48
41.5 .98 Pitchandyawin lZ 3.15
47.6 .97 Pitchandyawin 150 1.98
49.2 .96 Pitchout 75 ●93
>8.9 .81 Pitchandyawout n .97

Longitudinalacceleration

5.0 0.56 Pitchendyawout 100 0.53
13.0 .64 Pitchandyawin 117 ●10
17.1 ●73 Pitchsndyawin ●09
25.8 .85 Pitchout 100 .06
38.7 .98 PitchandyaW out 1P .24
43.2 .99 PitchtiyFiW in 150 .16
47.6 .97 Pitchsndyawin 157

●33
50.2 ●95 Pitchout 160 .47
;;.; .84 Pitchout 140 .31
. .82 Pitchandyawout 150 .26

.—
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TABLE111

DATAONTR&NSVXRSEACXELERCMWI!ERHIGH-FREQUENCY *

OSCILLATIONSFOREOMB2

——

Flight OscillationTotaloscillation
time, Mach Control-vane frequency, amplitude,
sec mmiber position Cps g

5.9 0.53 Pitchandyawout 65 o.3k
7.8 ,54 Yawout 103 .65
11.8 ●59 PitchandyaW in 100 .52
21.9 ● 77 Pitchsmdyawout 100 .69
22.2 ●77 Yawout 133 1.14
26.5 .84 Yawout .56
27.0 .85 Pitchandyawin lg 1.22
31.9 .90 Pitchandyawout 133

● 75
36.6 .91 Pitchandyawout 1.86
40.7 .g2 Yawout &
41.3 Pitchandyawin 1X ::$
45.0 :E Pitchandyawin .68
45.9 .92 Pitchandyawout $ 1.99
51.4 .88 Yawout 154 1.40
54.7 .85 Yawout 67 1.51

—.

-

.

-- —
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(a)Mmtographofbomb.

Figurel.-Fhotographi3and sketchof one of thebeds ueed In the free-
fI-ightdroptests. c1
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Figure1.. Continued.
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L-68g@.2

(c)Photographofbombnosewithpitchandyawcontrolvanesextended.

Figure1.-Concluded.
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Figuxe 2.- Concluded.
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(a) Bcmii1.

Figure4.- Tra~ectoriesoffree-flightdrop-testbcmbsobtainedfrom
ground-radartrackingdata.
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(b)Bomb2.
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.
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Fi~ ~.-Variationof Machnumberand velocitywithtim for the free-
flight&up teats.



—

lzoo-

1100 -

Icm -

m -
L)
z
> 2

>“13C0-

mo -

600-

,m: F#7

I I t, H I

(b)Bmb 2.

F@ll?e 5.- concluded.



mcAm L53E22 29

1 I I 1 1 I I 1 I [ 1 I I 1 I I I
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M=.& UW.%Y.

def/eC72M

—

-61 I 1 I I I I I 1 I 1 I I 1 I [ I

5X8 S?2 5Z6 58 S4 S8 S?2 5?6 60
f, sec

(a)Bomb1.

Figure6.-Portionsofroll-anglesmdaileron-cleflectiondata.
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Af=.9~pp.?.

r
1..

81 I I 1 1 I I I I I I I 1 I } I
d’T6 36 3k4 JKJ 3Z2 326 ~ J?i’4

t

7,sec

M=.92+yvvx.

81 I I I I I I I I I I I I I I I
44?

I
%?6 45 “454 #& +%2 & 4.7 414

7>see

(b)Bmnb2.

Figure6.-Concltied.

.
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f, sec

2A+/+ , ,,

(a)Bmb 1, a and ~.

Figure7.- Portionsof a, p) ~~ ~ ~ datashowingtransient
oscillationsforvariouspulsingconditions.
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I I

f= Sec ‘

(b)Bomb2, a and ~.

Figure7.- Continued.

.
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7’=&?c

7,sec

(c) BcmllJ1, p and ~.

Figure7.- Continued.
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1
-,
-.46

r, J&C
——

t, sec

(d) Bmb 2, P and ~.

.

..-

—

—

.

Figure7.- Concluded.
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Figure8.- Variationofflight-testtrimliftandside-forcecoefficients
withMachnmber forbomb1 andbomb2.
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(C)Yaw controlvaneOut.
o

4 .5 .6 .7 .8 .9 100 1.1 1.2
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(d) Ptch and yaw control vanes out.

M

Figure9,- Comparisonofwind-tunnelandflight-testvariationof
curveslopewithMachnwnberforvariouspulsingconditions.
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(b) Yaw control vane out.
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37

M
(c) Pitch and yaw control vanes out.

Fi~ 10.- Comparlsonofwind-tunnelandflight-testvariationof side-
force-curveslopewithMachnumberforvariouspulsingconditions.—
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Figure11.- Comparisonofwind-tunnelandflight-testvariationof static
pitching-momentderivativewithMachnumberforvariQuspulsing
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conditions.
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(C) Pitch ond yaw control vanes out.

Figure12.- Comparisonofwind-tunnelandflight-testvariationof static
yawing-momentderivativewithMachnmberforvariouspulsingconditions.
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Figure13.- Variationofaerodynamicdemping-in-pitchderivativewith -
Machnuniberforvariouspulsingconditions.—
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Figure14.- Variationofaerodynamicdamping-in-yawderivativewithMach
numberforvariouspulsingconditions.
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Figure15.- Concluded.



. — . ..-. —--------

.4

.3

CD .2

J

o

.4

.3

CD ,2

J

o

7

A
&

Ah
A
A A

AA

(a) Pitch and yaw controlvanss m.
4 ,5 .6 ,7 .8 .9 1.0 1.1 1,2

M

~.()”
A & }=-10.6°

A

h AL‘.
u

A A a=5.4°
J3=-a.5c iL

A
}=-3,1”

a=4.2°
fl=-306c‘

(b]Yaw control vane out.
.5 .6 .7 .8 .9 1.0 1.1 L2

M

.4
A cL=9.0°

Ak,A
/B‘-4.80‘

.3a.lc).6°,9* A,k
j =+.2* %

A
fl=4,8°

,2 a=-t.4° y –p “-.7°
) .-.9+

,1

“-L
(c) Pitch and yaw control vones aut.

0.4 ,5” .6 ,7 .8 ,9 1.0 1,1 I,2
M
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